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6  January  1944 


reject  ol  Directxonu+  rro^e rties  on 
Rolled.  numuxenesua  Armor 


1.  As  requested  o y  Tne  Proving  center,  Aberdeen  (aPG  470.5/7436  - 
rttn  470. 5/t>3B7(r) )  oiia  Tank  Automotive  Center  (Tad  451.*.5/2-«-4l  - 

Wtn  470. 5/3734(i’) )>  metollULryicai  examination  has  been  completed  on 
samples  oi‘  eignteen  (18)  1£"  thick  "straight -away"  rolled  plates 
manufactured  by  tne  Great  Lakes  Steel  Corporation.  The  plates  were  heat 
treated  similarly  to  approximately  tne  same  nrinejJ.  hardness  range  anl  all 
plates  were  from  heat  number  9-13945*  Ballistic  tests  are  reputed  in 
Armor  Test  Report  AD-355.  Tne  plates  were  tested  as  a  part  of  a  program 
at  The  Proving  Center  to  compare  the  snocx  resistance  oi  cross  nailed  armor 
with  that  of  "straight-awuy"  roixed  armor.  TnUT  articular  phase  of  the  test 
covered  only  toe  testing,  of  'struight-away"  rolled  armor.  When  cracking 
occurred  in  the  oailiotic  test,  tnese  cracks  always  1  llowed  the  direction 
01  roiling.  This  fuci  indicates  that  tnis  type  of  armor  has  less  resistance  to 
shock  in  thut  direction. 

2.  Metallurgical  tests  indicated  that  the  direction  of  rolling  was 
incorrectly  designated  0 y  the  manufacturer  on  plates  numuers  5AX,  3B,  ID, 

4C,  4,  5 ,  1,  2B,  3D.  With  the  exception  of  plates  numbers  2C,  4b,  3B,  and 
ID,  the  plates  were  of  satisfactory  steei  quality.  Apparently  these  four 
plates  which  had  a  "D"  lructure  were  rolled  from  the  segre6ated  portion 

of  the  ingot.  Aim  plates  with  the  exception  of  piate  numuer  1  naa  a 
fibrous  fracture,  indicating  that  tne  bui  nee  of  tae  plates  were  satisfactorily 
neat  treated.  Tnis  enaracterietic  was  associated  witn  a  micro structure 
of  essentially  tempered  martensite  with  traces  of  intermediate  temperature 
transformation  products. 

Hardness  surveys  indicated  tne  center  of  twelve  plates  to  have 
a  Brineii  uardness  of  f.uich  was  3ome  *.0  points  higher  tiuin  that 

reported  by  tne  manufacturer  on  tue  suriuce  of  tne  plates  and  which  in 
some  cases  was  Some  14-10  joints  Higher  tnan  that  obtained  near  the  earface 
at  this  ai'senai.  Apparently,  in  several  instances,  the  manufacturer  did  not 
remove  all  tno  aecarburizutiou  ou  tne  surface  of  tne  plates  previous  to  the 
nardness  determinations.  The  relatively  higher  hardness  at  the  center  of 
some  of  the  plates  wu3  correlated  witn  an  increase  in  the  yielu  strength  as 
compared  witn  uiese  values  determined  iioiiwuy  between  the  center  ana  surface 
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oi  u**  pi*, no  r»r,  t*on  in  'tm  u „r  ’.ft*  t#n 

*il*  pro,.#rt***  5r*~  ,  ,te  t,  r<k»t«. 

owner*!^/  ^euiu.i*  tn*  u-rovt.w..*  ,.rv'Jv«rti*§  a*  dwtwr*., sod  ty 
tne  dill«r*nc*a  twt*et..  i  ercf.^^e  e^on^.  tiun  u.*u  reduction  01  u«i  in  to* 
ioiifci tuJini.JL  ano  trnr.jVor*M  lirw-taons  *«*r**  o^re  prv.nouno'iJ  m  tne  p..ute* 
oi  tne  poorest  stee..  quoi.it>. 

j.  tfetanurgic*-.  examination  consisted  .1  the  following  testa: 

« 

fracture  Tests  ur  Steei  qati.tj. 

_u.  Lrineu.  iwoiiuSS  L— 

c.  Tensile  Tests  tuxtn  in  the  longitudinal  unu  traniverse 
directions  of  samples  from  the  center  end  hallway  between  the  center  and 
the  surface. 


a.  Microscopic  Lxnain.-.tion 

...  Tne  resuits  j.  tne  above  ousts  xu  detail  are  prwsented  beiow; 

a.  fracture  Tes ts  for  dteei  Quality. 

bampies  6"  x  3"  in  size  cut  from  tne  longitudinal  und  trans¬ 
verse  sec  wons  were  notched  transversoi/  to  tne  long  dimension  to  u  depth 
oi  approximately  3/4"  on  noth  Sides  and  or  oxen  3iovily  unuer  a  forgo  press. 
Tne  roou^to  of  one3e  teats  are  ^fven  in  T-bie  1.  Apparently  plates  2C,  2B, 
3B  cuid  ID  were  roiled  i'roa  .segregated  portions  oi  tne  ingot  since  these 
pintos  snowed  evidence  oi  excessive  i.jainations  in  tne  fracture.  The 
balance  of  the  plates  were  relatively  free  fro*  these  defects.  Piute  No.  1 
showed  evidence  of  crystallinity  in  the  fracture  wniie  tne  balance  oi  tne 
plates  were  all  fibrous,  as  broken  under  tne  slow  rate  of  loud  application 
by  the  press. 


b.  arlieii  hardness 


Tne  resuits  oi  the  hrineii  haroness  tests  are  given  in 
Table  II.  In  general,  tne  bnneii  hardness  values  reported  by  the 
ianui acturer  were  lower  tnun  tnose  outlined  at  this  arsenal.  Plate  Ho.  1, 
wnicn  #u3  improperly  quencuua  as  reveal eu  cy  its  partially  crystalline 
iracture,  nud  tne  lowest  n^rauess  oi  u.e  aeries.  Tne  balance  oi  tse 
plates  were  f&irly  uniiora  in  n.rdncss,  that  is,  from  ^late  to  ,-late  and 
also  aior-i,  tne  crc-6  section  oi  each  plate. 

c.  ienaj.le  teats 


Tne  results  oi  tne  ten3iie  tests  are  shown  in  Tabae  III.  In 
general,  tne  directionui  properties  of  tne  "straight  away"  rolled  material 
were  xeiiectea  by  tne  physical  rropcrties  obtained  in  the  longitudinal 
and  transverse  directions.  Inis  was  yartieulariy  true  in  tne  case  oi  the 
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poor  quv.l  ly  p^at*i. 

a  no  r«-.-tive  tu±u~r  nardness  import* d  tt  tne  center  el  suae 

oi  the  plct- -s  uo  co*p*.roc  to  that  i.e«r  the  surface  wan  cor.-e.eted  in  ooae 

oi. oe s  •"*  ti  ...  t  teu.ic  in  tne  utieagtn  values.  Otherwise,  no 

par  lieu.  *r  viriavii.*  uecectcu  in  tne  ,  n/sioa.1  rroper ties  hade  at  the 

center  and  at  ru-xfway  between  the  center  ».ni  surface  oi  tne  plates. 

Fracture  Tests  .cm  Tensile  Tes-s  snow  tn~t  tne  direction  of 
rolling  hS  incai  rte  try  m-.c-ucd  o,>  tne  «*nui£-oturer  on  plates  number*  pAl, 
3b,  H,  4^,  4 ,  0,  x,  *-d,  3b. 

d.  faleroseooic  Examination 

Figures  1-3  inclusive  ilxustrute  tne  average  amount  of  aon- 
aetanic  ineiusioua  present  in  tne  pastes.  Several  oands  oi  ulurainum  oxide 
were  ^resent  xii  plate  XA.  Tne  balance  oi  the  plates  contained  line  elongated 
non-metaiiicD  associated  in  ^any  oases  witn  uirconiua  nitrile. 

Figures  **-6  inclusive  illustrate  the  typical  micro structure 
oi  tne  samples,  tilth  the  exception  ui  pxate  nu«^«ri>  -nu  ID  hii  riate? 
exhioited  a  tempered  martensitic  structure,  consisting  oi  sorbite  and  some 
traces  oi  J.  ex  rite.  Tue  micros  true  ture  of  plate  No.  i  consisted  of  considerable 
amounts  oi  leriite  and  somite  wn*ie  piate  No.  iD  snowed  evidence  of  inter¬ 
mediate  temperature  transi  eruption  proaucts. 

Note;  Pnotomcrograpnic  went  none  uy  »i.  folia. 

0.  Metallurgical  examination  indicated  that,  in.  general,  tue  plates 
were  satisfactorily  nt-t  treated  cut  in  some  cases  were  rdxea  from  the 
segregated  portions  of  the  heat  wmch  r«su.teu  in  inferior  steer.  quality. 

E.  L.  REED 

Kesearcn  Metallurgist 

APPROVED; 


N.  A.  MATThE.iS 
Major,  urd.  Dept. 
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277-285 

281 

269-277 

273 

TABU  III 

TMSILI  TESTS 
Tset  Bar  >357*  Diameter 


Locati  on  of 


Held 

Strength 


Tensile 

Strength 


£  Areraga 

Bed  Cross  Section  of  Brinall  Hardnef 


3 

Midwall* 

_  infection  ; 

Longitudinal 

hbs/so  in 

11L.0001 

Lbs/ sa  in 
13^.5001 

Hong. 

17. 91 

Area 

64.  il 

3 

Mldwal* 

Trans Terse 

112,000 

134,600 

15.4 

50.0 

3 

Center 

Longitudinal 

117,000 

136.500 

18. 3 

61.5 

3 

Center 

Transferee 

117.500 

137.300 

15.7 

45.3 

XI 

Midwall 

Longitudinal 

109,000 

130.400 

18.6 

63.7 

u 

Midwall 

Transferee 

108,000 

131. 800 

15.4 

50.2 

u 

Center 

Longitudinal 

105,500 

124,300 

19.3 

66.7 

a 

Center 

Transferee 

105.500 

125.000 

17.5 

54.5 

1C 

Midwall 

Longitudinal 

115.000 

133.100 

18.6 

63.7 

1C 

Midwall 

Transferee 

111,500 

132.100 

16.1 

51.8 

1C 

Center 

Longitudinal 

109,000 

13.1.300 

18.6 

65.O 

1C 

Center 

Transferee 

112,500 

133.300 

17.1 

53-1 

6 

Midwall 

Longitudinal 

116,500 

136.900 

18.3 

62.7 

6 

Midwall 

Transferee 

114,000 

136,000 

16.1 

50.0 

6 

Center 

longitudinal 

119.500 

136,800 

18.6 

63.2 

6 

Center 

Transferee 

116,500 

135.800 

16.4 

51®  9 

5* 

Midwall 

Longitudinal 

106,500 

135.100 

19.0 

63.4 

% 

Midwall 

Transferee 

114,000 

135.600 

iM 

49.  4 

% 

Center 

Longitudinal 

115.000 

138,500 

18.6 

6l.« 

% 

Center 

Transferee 

109,000 

137.300 

14.3 

^3.1 

20 

Midwall 

Longitudinal 

113.500 

134,800 

19.0 

64.9 

K 

Midwall 

Transferee 

112,000 

134,100 

15.7 

48.6 

?C 

Center 

Longitudinal 

117.000 

131,000 

.18.3 

60.8 

2C 

C  enter 

Transferee 

U5.300 

134,500 

14.3 

47.6 

5 

Midwall 

Longitudinal 

96.800 

131.300 

19.7 

64.  2 

5 

Midwall 

Transferee 

101,000 

130.600 

17-5 

51.2 

5 

Center 

Longitudinal 

85,000 

132.300 

19.0 

63.2 

5 

Center 

Trasiferee 

116,000 

133,800 

1U.7 

44,9 

U 

Midwall 

Longitudinal 

101,600 

134,600 

17.9 

6U.7 

hk 

Midwall 

Transferee 

15-7 

51.6 

€a 

Center 

Longitudinal 

116,000 

135.300 

18.6 

63.4 

ha 

Center 

Transferee 

112,000 

132.500 

150O 

47.6 

**c 

Midwall 

Longitudinal 

109.000 

132. 800 

18.3 

63.4 

**C 

Midwall 

Transferee 

105.500 

130,300 

17.9 

52.1 

4c 

Center 

L<**n  rfi  tnd<  ti 

105,000 

125,800 

19.3 

66.2 

4c 

Center 

Transf erso 

106,000 

125,500 

17.1 

53ol 

4 

Midwali. 

Longitudinal 

110,000 

132.500 

18.6 

64.2 

4 

Midwall 

Transferee 

102,000 

133.100 

16.8 

49.0 

U 

Center 

Lonsl tudinal 

116,000 

135.300 

18.6 

63-7 

u 

Center 

Transferee 

116,500 

135.500 

15.7 

48.8 

Mldvail 

Longitudinal 

105.300 

133.900 

17.5 

6>4 

5AI 

Mldvall 

Transferee 

109,800 

131,900 

17.5 

51.' 4 

tenter 


leer  Bed 


?73 


tk 

J0 

Midwell 

Transverse 

15.7 

51.0 

277 

273 

277 

6a 

Center 

Longitudinal 

ii6#ooo 

135.300 

18.6 

63.4 

6a 

Center 

Transverse 

112,000 

132.500 

15*0 

47.6 

4c 

Midwall 

Longitudinal 

109,000 

132.800 

18o3 

63.4 

4C 

Hidwa.ll 

Tran ever ee 

105.900 

130,300 

17.9 

52d 

269 

266 

266  . 

Uc 

Center 

105,000 

125,800 

19.3 

66.2 

4c 

Center 

Transverse 

106,000 

125.500 

17.1 

53.1 

4 

Ml dwell 

Longitudinal 

110,000 

132,500 

18.6 

64.2 

4 

Ml dwell 

Transverse 

102,000 

133.100 

16.8 

49.0 

277 

281 

273 

4 

Center 

Longitudinal 

n6rooo 

135.30c 

18.6 

63.7 

4 

Center 

Transverse 

116,500 

135.500 

15.7 

48.8 

54X 

Midwall 

Longitudinal 

105.30c 

133.900 

17.5 

63.4 

5LX 

Midwall 

Transverse 

109,800 

131.900 

17.5 

51.4 

273 

285 

285 

Center 

Longitudinal 

112.500 

136.500 

17.1 

61,4 

Sil 

Center 

Transverse 

110,500 

136.300 

14.7 

47.7 

6c 

Midwall 

Longitudinal 

112,000 

131.700 

21.4 

63.9 

6c 

Midwall 

Tran ever se 

112,000 

132,700 

15.7 

49.8 

273 

281 

277 

6c 

Center 

Longitudinal 

116,500 

135,500 

18.  3 

62.5 

6c 

Center 

Transverse 

118,00c 

136.300 

14.7 

46.4 

1 

Kldwall 

Longitudinal 

95.500 

124,100 

17.9 

59.2 

1 

Midwa?l 

« 

Transverse 

99.50c 

125.300 

16.4 

49.4 

259 

273 

259 

1 

Center 

Longitudinal 

101,800 

129.000 

17.5 

57-1 

1 

Center 

Transverse 

105,800 

132,000 

14.3 

46.1 

a 

Midwall 

Longitudinal 

105,700 

131.100 

19-3 

65.8 

a 

Midwall 

Transverse 

108,000 

130.900 

15.7 

46.7 

269 

281 

277 

a 

Center 

Longitudinal 

111,300 

131.300 

18.  3 

61.2 

a 

Center 

Transverse 

114,300 

133.300 

15.0 

43.  0 

- 

JD 

Midwall 

Longitudinal 

107,500 

132,900 

19.0 

63.5 

3D 

Midwall 

Transverse 

99.005) 

130,860 

18.6 

50.4 

266 

281 

266 

3D 

Center 

Longitudinal 

114,000 

136,300 

18.6 

62.2 

3D 

Center 

Transverse 

111,500 

135,800 

15.0 

47.4 

2 

Midwall 

Longitudinal 

112, 30D 

13^.500 

19o3 

63-7 

2 

Midwall 

Transverse 

112.000 

133.300 

16.4 

51.2 

269 

285 

277 

2 

Center 

Longitudinal 

115.500 

136,300 

21.4 

62.7 

2 

Center 

Transverse 

113.300 

135.500 

16. 4 

46.8 

3D 

Midwall 

Longitudinal 

106,500 

133,100 

18.6 

6u«5 

31 

Mldwall 

Transverse 

104,000 

132,600 

16.8 

49.8 

269 

281 

277 

31 

Center 

Longitudinal 

112, OCO 

132.300 

19.3 

64. 4 

31 

Center 

Transverse 

lll.OCO 

132,300 

15.3 

Ug.U 

ID 

Midwall 

Longitudinal 

105, 500 

133.600 

19.0 

64.1 

ID 

Midwall 

Trantveree 

111,000 

133*000 

17.5 

50.6 

277 

281 

273 

ID 

Center 

Longitudinal 

115.300 

136,500 

18.6 

61.7 

** 

ID 

Center 

Transverse 

115.000 

135.300 

15.0 

U7.8 

■OTI;  Mldva?l  Indicate*  a  poaition  halfway  between  the  center  and  surface  of  the  plate. 
Average  of  the  two  teete. 


<s  i  no- 


No.  3  No .  Xa 

Fine  elongated  nonmetallics  as  so-  Pron.oun.ced  segregation  of  aluminum 

ciated  with  zirconium,  nitrides.  oxide. 


No.  1C  No.  6 

i'airly  uniform  distribution  of  Typical  groto.  of  elongated  non- 

rounded  nonmetallic  inclusions.  metallic s. 


Typical  group  o: 
metallics. 


No.  5A 

el ongat  ed  non- 


Ho.  2G 

Typical  continuous  series  of  elon¬ 
gated  nonmetallic  inclusions. 


Photomicrographs  were  taken  on  unetchsd  longitudinal  sections  at  a 
magnification  of  100  diameters. 
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Typical  segregation  ox  elongated 
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Typical  segregation  of  fine  ex'-', 
gated  nonmetallics. 
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Typical  elongated  nonmetallics  asso-  Typical  scattered  nonmetallics. 
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Typical  elongated  noimetallics. 
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Atypical  elongated  nonmetallics. 
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elongated  no’iwetallics. 
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Typical  streak  of  elongated  no  ri¬ 
me  tallic  s  . 
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Typical  streak  of  elongated  non- 
metal  lies  associated  witn  fine 
inclusions. 
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Typical  segregation  of  fine  elon¬ 
gated  nonme tallies  associated  with, 
zirconium  nitride. 
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fairly  uniform  spheroid!  sed 
sorbite  and  trace  of  ferrite. 


Sorbite. 
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Sorbite  and  trace  of  ferrite. 
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Pine  sorbite  with  partially  dis¬ 
solved  carbide  lamallae.  Grain 
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Sorbite,  brace  of  ferrite. 
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Sorbite  and  trace  of  ferrite. 


Photomicrographs  were  taken  on  pieral  etched  longitudinal  sections  at  a 
magnification  of  100  diameters. 
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Sorbite  and  trace  of  ferrite 
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Sorbite  and  trace  of  ferrite. 
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Sorbite  and  trace  of  ferrite.  Sorbite  and  trace  ox  ferrite. 

Photomicrographs  wore  taken  on  picral  etched  longitudinal  secti  ms  at  a 
magnification  of  100  diameters. 
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